Abstract. Colorectal cancer is one of the most prevalent cancers in developed countries. However, the genetic factors influencing its appearance remain far from being fully characterized. Recently, a G>A functional transition mapping the 3' untranslated region of the CXCL12 gene (rs1801157) has been found to be under-represented among rectal cancer patients when compared to colon cancer patients from a Swedish series. Here we present the results from an independent analysis of CXCL12 rs1801157 in a larger CRC series of Spanish origin in order to analyse the robustness of this association within a different European population. No significant difference was observed between controls and colon or rectal cancer patients. We were also unable to find a correlation between rs1801157 and different prognostic markers such as metastasis development or disease-free survival time. The epidemiologic data involving CXCL12 rs1801157 in colorectal cancer risk are discussed.
Introduction
Colorectal cancer (CRC) is the second most common type of cancer in developed countries. Therefore, great investment is being made to gain new insight on how genetic and environmental factors contribute to its development and evolution (1) . The role of chemokines has been extensively analysed both in cancer risk and tumor progression (2) (3) (4) (5) (6) . Among different cytokines, CXCR4 and its ligand CXCL12 (previously designated SDF-1) have been recently subjected to a closer examination. The CXCL12-CXCR4 pathway has been traditionally associated to hematopoietic cells homing (7) . However, the CXCL12-CXCR4 axis has been also found to be a survival or growth factor in a variety of normal and malignant cell types including germ, leukemia B and breast cancer cells (7) (8) (9) . It has also been shown that under low oxygen levels such us those found inside the tumors, both CXCL12 and CXCR4 are significantly up-regulated. This feature has been correlated with a poor survival in different cancer series (10) (11) (12) (13) . In addition, CXCL12-CXCR4 crosstalk has been found to be crucial for metastasis appearance in breast cancer and colorectal models by inducing chemotactic and invasive responses (14, 15) . The expression of the CXCR4 gene in intestinal epithelial cells has been previously reported. Preliminary experiments in animal models showed a role of CXCL12-CXCR4 in CRC metastasis, particularly by triggering the outgrowth of micrometastases (16) . This model would be eventually applicable to different solid tumor types, since high CXCR4 expression has been also observed in breast and prostate cancer among others (10, 14, 17, 18) .
One of the first results involving the CXCL12 pathway emerged from experiments performed in 1998 (19) . It was known that CXCR4 acts as a coreceptor by the viral strains that emerge during late-stage HIV-1 infection. In a genetic association analysis comprising 2,857 patients from five different cohort studies, Winkler et al found that people homozygous for rs1801157 allele-A showed a significant delay in the onset of the disease (19) . This effect was twice as strong as the dominant genetic restriction of AIDS conferred by CCR5 and CCR2 in these populations, and was independent and complementary to these mutations in delaying the onset of the disease.
Since its discovery, extensive literature has been published ascribing different effects associated to CXCL12 rs1801157 to different phenotypes where chemokines may be exerting a significant role (20) (21) (22) (23) . To date, different experiments have been assayed to determine the molecular basis of the effects attributed to rs1801157. Some data suggest that the A-variant may be affecting mRNA stability depending on the cellular background, which would result in higher protein levels (Rueda P, et al, 13th International Symposium on HIV and Emerging Infectious Diseases, Toulon, France, 2004). However, no statistical correlation has been found between circulating levels of CXCL12 and the rs1801157 genotype (24) .
In a recent report, Dimberg et al analysed the effect of CXCL12 rs1801157 in colorectal cancer risk (24) . Using PCR-RFLP analysis, they genotyped a series of 151 CRC cases and 141 healthy unrelated controls from the general Swedish population. A preliminary analysis found no statistical difference between cases and controls. However, when patients were stratified according to the tumor location (colon vs rectum), they found a strong under-representation of the rs1801157 allele-A among rectal cancer patients when compared to the general population. To our knowledge, this was the first evidence linking CXCR12 alleles to CRC susceptibility, suggesting that the CXCL12-CXCR4 crosstalk could be somehow conditioning the primary tumor development and the metastasis generation processes. In this study, we show the results of an independent analysis of CXCL12 rs1801157 in a CRC series and a meta-analysis taking into account both colon and rectal cancer. To this end, we analysed the CXCL12 rs1801157 genotype distribution among 373 CRC patients and 558 controls from the Spanish population. All patients and controls were mediterranean caucasians from central and south Spain. All subjects supplied written informed consent, together with a blood sample and completed a questionnaire regarding individual, environmental and familial variables. An institutional review board from the referral centres approved the protocol used during this study. DNA extraction was performed automatically according to standard procedures using the Magnapure LC DNA isolation system (Roche-Diagnostics, Germany).
Patients and methods

Patients
CXCL12 rs1801157 genotyping.
Genotypes were obtained using fluorescence resonance energy transfer (FRET) and LightCycler™ technology (Roche-Diagnostics, Germany), as described by Royo et al (25) with modifications. Briefly, polymerase chain reactions were performed at a final volume of 15 μl containing 10 ng of genomic DNA, 1 mM MgCl 2 , 10 pmol of each primer (SDF1-F: 5'-TGGGTTTTGTATTCT CTGAGCT-3', and SDF1-R: 5'-AGCTTTGGTCCTGAGAG TCC-3'), 3 pmol of each genotyping probe (SDF1-sensor: Cy5-GAGCCAGGTCTGCCTCTTCTG-Ph, SDF1-Anchor 5'-GCTCACCCCCTTCTCCATCCACAT-Fluorescein) and 3 μl master mix of LightCycler-480 Genotyping Master (5X). PCR reactions were performed in MJ Research thermocyclers (MA, USA) with the following conditions: 95 min for 5 min followed by 35 cycles of amplification (95˚C for 30 sec, 63˚C for 30 sec, 72˚C for 30 sec) and finally a 3 min extension step. Then, plates were subjected to a melting curve in the LC-480 real-time PCR system while recording Cy5 fluorescence (95˚C for 30 sec and 55-80˚C curve with a slope of 2 measurements per ˚C). Raw data from FRET analysis are exemplified in Fig. 1 . The call rate obtained was 94% for both cases and controls.
Statistical analysis. For statistical power studies and metaanalysis we used Episheet 2002 (26) . For comparison of genotype distribution, test for deviation from Hardy-Weinberg equilibrium and two-point association studies, we employed tests adapted from Sasieni (27) . These calculations were performed using the online resource at the Institute for Human Genetics, Munich, Germany (http://ihg.gsf.de) and Statcalc (EpiInfo 5.1, Center for Disease Control, Atlanta, GA). For Kaplan-Meier analysis, SPSS 14.0 was used.
Results
CXCL12 rs1801157 and CRC risk.
Genotype distributions of rs1801157 in both series are shown in Table I . Allele frequency (24), and indistinguishable from other general population studies previously described (25) . Genotype distributions were concordant with the HardyWeinberg equilibrium law for controls but deviated among cases due to a slight defect of homozygotes for allele-A (p=0.67 and p=0.04 respectively, Pearson test), suggesting a role of CXCL12 rs1801157 in CRC risk. However, when case-control analysis was performed, no statistical difference was observed (Table I) . Then, patients were stratified according to tumor location (colon vs rectum). When genotype distribution was compared, no statistical difference was observed between both subgroups neither in allele frequency nor genotype distribution (p>0.55). Thus, when studies were performed comparing genotype distribution between controls and colon or rectal cancer patients, no statistical difference was observed (Table I) .
Genotype and allelic distributions in our CRC series did not differ when stratified according to Dukes stage or age of onset, as previously described (24) . They also did not correlate with histological grade or tumor size (data not shown). On the other hand, we found an association of rs1801157 to CRC among females (Table II) . We examined the correlation between the prevalence of colon or rectal cancer according to gender. In our series, neither sex was especially overrepresented among colon cancer patients. However, females (47%) accounted for 40% of the rectal cancer patients whilst males (53%) accounted for 60% of them. When two-point cross-tabulation analysis was performed, we observed that this difference in the gender distribution was not statistically significant, but a trend towards association was observed (χ 2 =3.68, p=0.05).
Next, we performed a statistical meta-analysis of both studies using a fixed effects model. All p-values for homogeneity tests ranged between p=0.09 and p=0.88. Thus, we performed a pooled meta-analysis taking into account both series, failing to correlate rs1801157 genotype distribution with neither colon nor rectal cancer risk (Fig. 2) . However, we observed that among those patients with rectal cancer, both studies exhibited similar effect size trends.
CXCL12 rs1801157 in cancer progression.
Given the wellcharacterized role of CXC12-CXCR4 axis in tumor metastasis development we postulated that rs1801157 could be associated ONCOLOGY REPORTS 18: 1583 -1587 Table I. Comparison of CXCL12 rs1801157 genotype distribution between the two independent series. 
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a p trend according to Armitage's trend test. Table II . Comparison of CXCL12 rs1801157 genotype distribution according to gender. 
to a differential prognosis. Thus, we decided to study the putative involvement of rs1801157 in tumor aggressiveness. Of our patients, 14% presented metastasis at the moment of diagnosis and among those who did not, 12% developed metastasis in the following 5 years. Given previous results linking CXCL12 expression to metastasis generation, we analysed whether rs1801157 was associated to metastatic CRC. When genotype distribution was analysed within these groups, no difference was observed (data not shown). Finally, we performed a disease-free survival (DFS) time analysis in order to determine a putative correlation between the disease progression and rs1801157 using Kaplan-Meier analysis. The DFS mean times among those GA and AA patients was slightly lower in respect to the one exhibited by GG patients (Fig. 3) . However, this difference was not statistically significant (Mantel-Cox log-rank test, p=0.63).
Discussion
Molecular data reported by several groups give no doubt about the oncogenic properties of the CXCL12-CXCR4 pathway. This has been demonstrated in different studies using both in vitro and in vivo experiments (14, 16) . In addition, the CXCR12-CXCR4 axis is a good candidate to be subjected to chemical intervention, which would eventually generate a new therapeutic approach for different tumors (28, 29) . For this reason, we find of great interest the elucidation of the potential role of CXCL12 in tumor development and progression. Previous data reported a significant difference in genotype distribution among colon cancer patients when compared to rectal cancer patients (χ 2 : 5.6, p=0.02). In addition, a trend was observed when comparing controls to colon cancer patients (p trend =0.09) and rectal cancer patients (p trend =0.22). Thus, it seemed that the sample sizes compromised the robustness of the associations, although a clear trend was observed. For this reason, we performed a parallel analysis doubling the sample size, which according to our power calculations would be able to detect an odds ratio ranging the magnitude reported by Dimberg et al (24) .
Here we have shown the results from an independent analysis of CXCL12 rs1801157 on CRC aetiology and the first data reporting disease progression according to rs1801157. We conclude that CXCL12 rs1801157 is not a general susceptibility factor for colon or rectal cancer in the Spanish population. The deviation attributed to females may suggest a putative role of CXCL12 in rectal cancer aetiology. However, these results need further confirmation, since they do not pass multiple testing corrections. Whenever an association study is reported, statistical power is frequently questioned. For this reason, we performed the corresponding studies taking into account the case/control ratio used, our case sample size and the minor allele frequency of rs1801157 in our control population. Our study was 80% powered to detect an odds ratio >1.53, and 90% powered for an odds ratio >1.63.
Nevertheless, the absence of an association with CRC risk does not exclude the possibility that rs1801157 may influence cancer progression. In fact, it has been reported that circulating levels of CXCL12 are significantly lower among CRC patients when compared to healthy people, and this feature also correlates with the tumor stage (24) . For this reason we performed different analyses to elucidate whether rs1801157 may be conditioning the tumor aggressiveness profile. According to our results, no correlation has been found among the typical progression markers such as histological grade, tumor size or metastatic profile. For this reason, we performed the corresponding studies in order to test whether rs1801157 is associated to a differential prognosis. KaplanMeier analysis revealed that those patients harbouring the A-allele (GA+AA) exhibit a similar progression than those homozygous for GG (Mantel-Cox log-rank test, p=0.63). It must be stated that we do not question the role that CXCR12 might play in CRC aetiology and/or in metastasis formation. However, according to our results rs1801157 appears not to be linked to this effect. The genetic data presented so far suggest that CXCL12 rs1801157 does not play a role in cancer risk, but a second independent progression analysis is necessary to confirm this hypothesis.
